The essential oil obtained from the branches and leaves of Clausena indica (Dalz) Oliv. (Rutaceae) has been analyzed by GC/MS. Fifty-three components of the essential oil, representing 96.9% of the total amount, were identified. The main constituents were myristicin (35.3%), terpinolene (16.7%), and δ-3-carene (11.3%). The essential oil was screened for antimicrobial activity, showing positive results against some bacterial strains. Moreover, a comparison between constituents of C. indica essential oil with the ones reported in the literature for other Clausena ssp. is pointed out and some chemotaxonomic considerations have been identified.
Rutaceae is a large, natural family with about 160 genera and 1800 species, provisionally classified into 5-6 subfamilies and 11-26 tribes [1] , distributed mostly in tropical and subtropical regions [2] . The species are well-known for the cultivated citrus fruits and numerous genera of pharmaceutical and ornamental interests. Belonging to this family, Clausena, subfamily Aurantioideae, tribe Citreae [3] , is a tropical and East Asian genus of small trees. In Vietnam, C. indica (Dalz) Oliv. is a popular remedy in folk medicine. The leaves and roots are used to treat cold, flu, headache, colic, and rheumatism, while the smashed leaves are used for joint dislocation and bone fractures, and its essential oil for massages [4] . There has been no previous investigation of the essential oil composition of C. indica, but the essential oils of other species of the genus have been reported (see Table 1 ). Previous phytochemical studies of C. indica led to the isolation and characterization of different types of amides [5] , sesquiterpenes [6] , coumarins [7] , and alkaloids [8] . Moreover, 3-(1',1'-dimethylallyl)xanthyletin and 5-methoxyxanthyletin, both isolated from C. indica roots, showed spasmolytic activity on isolated guinea pig ileum [9] . In this paper, we present the chemical composition of C. indica essential oil, comparing it with others reported in the literature for species of the same genus. Table 2 shows the chemical composition of C. indica essential oil. The oil was obtained in a yield of 0.7% (w/w), and GC and GC-MS analyses have resulted in the characterization of 53 compounds, representing 96.9% of the total oil. The oil was characterized by a high percentage of monoterpenes (56.3%). Monoterpene hydrocarbons present 46% of the total oil. They are represented by 16 compounds with terpinolene (16.7%) predominating, followed by δ-3carene (11.6%). The oxygenated monoterpenes form 10.3% of the total and consist of 17 components. Among this group, p-cymen-8-ol (7.8%) is the major compound. The sesquiterpenes form 4.5% of the oil, with β-bisabolene (0.8%) and β-caryophyllene (0.2%) being the major hydrocarbons, and spathulenol (2.8%), caryophyllene oxide (0.5%), and α-acorenol (0.2%) the major oxygenated compounds. Phenylpropanoids, deriving from the biosynthetic pathway of shikimic acid, represent 36.1% of the 
Species:
Main constituents Origin References High percentage of terpenoids:
Monoterpenoids, Sesquiterpenoids
China [12] High percentage of phenylpropanoids C. anisum-olens (E)-Anethole and/or Me chavicol
Mixed composition C. indica
Myristicin Vietnam present study Terpinolene δ-3-Carene total oil, the dominant one being myristicin (35.3%). The oil contains also three aldehydes, in trace amounts, having non-terpenic structures, two with an open chain, (E)-2-hexenal and pentadecanal, which are aliphatic compounds and one aromatic, benzaldehyde, along with two oxygenated compounds, (E)-β-damascenone (tr) and (E)-β-ionone (tr), which are terpenic derivatives. However, the main constituents of the essential oil are monoterpene hydrocarbons (46%), followed by phenylpropanoids (36.1%). The oxygenated terpenoids, both mono-and sesquiterpenes, are present in small quantities. The essential oil was also screened for antimicrobial activity against representative Gram-negative (Escherichia coli, Pseudomonas aeruginosa) and Gram-positive (Bacillus subtilis, Staphylococcus aureus) bacteria, molds (Aspergillus niger, Fusarium oxysporum), and yeasts (Saccharomyces cerevisae, Candida albicans). This bioassay was determined by measuring the minimal inhibitory concentration (MIC) of the essential oil; a MIC value not higher than 200 μg/mL was considered active. The C. indica essential oil showed activity against all tested Gram-negative and Gram-positive bacteria with MIC values of 200 μg/mL for E. coli, P. aeruginosa, and B. subtilis and 100 μg/mL for S. aureus. The antimicrobial activity of the oil was generally Essential oil of Clausena indica Natural Product Communications Vol. 4 (6) 2009 871 bactericidal. The oil was inactive against all tested molds and yeasts. Several other Clausena species have been studied regarding their volatile oil composition (Table 1) . Based on the major components characterized from these plants, three chemotaxonomic groups may be established: Group 1. Species producing principally isopropanoidic components. To this group belong C. excavata, in which the main volatile oil constituents are sesquiterpene hydrocarbons [10], C. lansium affording mainly oxygenated sesquiterpenes [11] , and C. dunniana and C. lenis that show, both monoterpenes and sesquiterpenes as the dominant constituents [12] . Group 2. Species that mainly synthesize phenylpropanoids as the major components. In this group we include C. anisumolens and C. heptaphylla, which produce mainly anethole and/or methyl chavicol [13] , and C. lunulata, in which safrole dominates [14] .
Group 3. Species showing chemovarieties. This is the case with C. anisata, which has a different set of dominant compounds: phenylpropanoids -mainly estragole and/or anethole [15] , oxygenated monoterpenes and sesquiterpenes [16] , and monoterpene and sesquiterpene hydrocarbons [15a, 17] .
The investigated oil sample of C. indica shows some important differences in relation to the other species described above and cannot be inserted into any of these groups. Showing almost equivalent terpenoid and phenylpropanoid composition, the oil could create another chemotaxonomic group, which presents a mixed composition. However, it will be necessary to compare the chemical composition of all the disjunct population. Their constituent oils may be affected by genetic factors or could possibly vary in response to environmental factors such as soil type, altitude or the season of the year.
Experimental
Plant material: The branches and leaves of C. indica were collected in April 2006 in Me Linh, Vinh Phuc, Vietnam. A specimen (voucher No. 4091 C. indica/1) was deposited in the Nuove Acqusizioni at Herbarium Horti Botanici Pisani, Pisa, Italy.
GC analyses:
The GC analyses were accomplished with a HP-5890 Series II instrument equipped with HP-WAX and HP-5 capillary columns (30 m × 0.25 mm, 0.25 μm film thickness), working with the following temperature program: 60ºC for 10 min, ramp of 5ºC/min up to 220ºC; injector and detector temperatures 250ºC; carrier gas nitrogen (2 mL/min); detector dual FID; injection of 0.5 μL of a 10% nhexane solution; split ratio 1:30. The identification of the components was performed, for both the columns, by comparison of their retention times with those of pure authentic samples and by means of their linear retention indices (LRI) relative to the series of nalkanes. The relative proportions of the essential oil constituents were percentages obtained by FID peakarea normalization, all relative response factors being taken as one.
GC/EIMS analyses were performed with a Varian CP-3800 gas-chromatograph equipped with a DB-5 capillary column (30 m × 0.25 mm, 0.25 μm coating thickness) and a Varian Saturn 2000 ion trap mass detector. Analytical conditions: injector and transfer line temperatures 220 and 240ºC, respectively; oven temperature programmed from 60-240ºC at 3 ºC/min; carrier gas helium at 1 mL/min; injection of 0.2 μL (10% n-hexane solution); split ratio 1:30; scan time 1s; mass range m/z 35-400. Identification of the constituents was based on comparison of the retention times with those of authentic samples, comparing their linear retention indices relative to the series of n-alkanes, and on computer matching against commercial (NIST 98 and ADAMS) and home made library mass spectra built up from pure substances and components of known oils and MS literature data [18] . Moreover, the molecular weights of all the identified substances were confirmed by GC/CIMS, using MeOH as CI ionizing gas (the same apparatus and analytical conditions as above).
Antimicrobial activity:
The antimicrobial activity tests were based on the liquid dilution method of Vanden Berghe and Vlietinck [19] . Bacteria and fungi were maintained on a culture medium of trypcase soya broth (TSB) and Sabouraud dextrose agar at 4ºC, respectively. Yeasts were cultured in liquid Sabouraud dextrose medium for 48 h at 24ºC. The antimicrobial test of the essential oil was performed using 96-well microplates. The test material was diluted in DMSO and distilled water; then stock solutions were diluted four fold to calculate the minimum inhibitory concentration (MIC) value of active agents. Microorganisms were prepared with adequate density liquid medium, then 190 μL was added to each well containing 10 μL test sample. The plates were incubated at 37ºC in a humidified atmosphere for 24 h. Ampicillin and amphotericin were used as positive controls by adding 1 mg of compound to 1 mL sterilized and distilled water and 10 μL of this solution was added to the well.
